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“VASCULAR RINGS” RELATED TO ANOMALIES 
OF THE AORTIC ARCHES 


Symptoms of tracheal or esophageal malfunction 
may result at times from intrathoracic arterial or 
aortic anomalies. The clinical suspicion of such a 
malformation may be confirmed roentgenographi- 
cally and the condition usually may be corrected or 
cured surgically. An understanding of the forms that 
these anomalies take aids in evaluating and treating 
the condition in a given case. 


The malformations of the aortic arch system may 
be divided into two groups, arbitrarily called “group 
I” and “group II.” In group I the ductus arteriosus or 
ligamentum arteriosum* and the descending aorta 
lie in essentially normal positions. The ductus runs 
between the left pulmonary artery and the left aortic 
arch and igs attached to the latter at a point just dis- 
tal to the origin of the left subclavian artery. The 
descending aorta, although lying on the left side 
may lie slightly to the right of its normal position. 
The malformations of group II are mirror images 
of corresponding ones of group I. In group II the 
ductus is attached to the right pulmonary artery 
below and to a right aortic arch, at a point beyond 
the origin of the right subclavian artery, above. The 
upper part of the descending aorta lies on the right 
side. In the lower part of the thorax the descending 
aorta crosses to the left to emerge through the 
aortic hiatus of the diaphragm. The malformations 
of group I are much more numerous than those of 
group II, and some of the malformations to be men- 
tioned are as yet undescribed but they remain as 
hypothetic forms, some day to be discovered. 
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Fig. 1. Functioning double aortic arch of group I. 
(Reprinted with permission of the publisher, W. B. Saunders 
Company, from Edwards, J. E.: Anomalies of the Derivatives of 
the Aortic Arch System, M. Clin. North America, July, 1948.) 


The young embryo shows an aortic arch.pattern in 
which the ventral aorta gives rise to two arches. 
These encircle the primitive alimentary canal and 
then join dorsally to form one dorsal aorta. By loss 
or atresia of certain segments of this system there 
are derived not only the normal aortic pattern but 
also the anomalies of the aortic arch system. Even 


*Hereafter in this paper ductus arteriosus will be used inter- 
ehangeably with ligamentum arteriosum. In the anomalies to 
be discussed the ductus arteriosus may remain patent as an 
associated anomaly but as a rule the ductus closes nt the normal 
time after birth. 


under normal conditions of growth there are major 
changes in shape of the vessels of the aortic arch 
system resulting from different rates of growth in 
various parts of the system and from accommodation 
to the growth of neighboring structures. Conse- 
—— it could be simpler to understand the basis 
for the development of the aorta and of its anomalies 
if the original embryonic pattern could be retained 
in some way as a basic pattern and at the same time 
altered to include the adjustments that take place 
on the basis of growth in the embryo. The anomaly, 
known as the double aortic arch, fulfills this desire 
and it may be used as a basic pattern from which the 
members of one group may be derived. It should be 
emphasized that one type of double aortic arch rep- 
resents group I (fig. 1) and another group II (fig. 2). 


The functioning double aortic arch of group I 
(fig. 1) is characterized by the bifurcation of the 
ascending aorta anterior to the trachea into right 
and left aortic arches. The left arch passes, as does 
the normal aortic arch, over the left main bronchus. 
After giving off the left common carotid and sub- 
clavian arteries, respectively, and after receiving the 
ductus arteriosus it blends with the descending aorta. 
The right arch passes over the right main bronchus. 
In this position it gives off the right common carotid 
and subclavian arteries, respectively, as independent 
branches. Then the arch turns to the left behind the 
esophagus. After reaching the midline or the left 
side, the right arch joins the left arch as the latter 
blends with the descending aorta. The vascular struc- 


Fig. 2. Functioning double aortic arch of group II. 


(Reprinted with permission of the publisher, W. B. Saunders 
Company, from Edwards, J. E.: Anomalies of the Derivatives of 
the Aortic Arch System, M. Clin. North America, July, 1948.) 


ture outlined encircles, as a ring, the esophagus and 
trachea and may cause symptoms related to com- 
pression. The functioning double aortic arch may 
possess two arches of equal or unequal size. Usually 
the right is the wider. Accentuation of the narrow 
state of the left arch ang Soe the form of partial 
atresia of the left arch. The double arch then is no 
longer in functional existence but remains as a me- 
chanical ring about the trachea and the esophagus 
and may cause symptoms. 
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Certain malformations of group I type are modi- 
fications of the double aortic arch in that part of the 
left arch disappears. These show only a right arch. 
The latter assumes the same course as the right 
arch of the double arch. After —— over the right 
main bronchus, it turns to the left and passes behind 
the esophagus to join with the descending aorta, 
either at the midline or somewhat to the left. At the 
junction of the right arch with the descending aorta, 
there is often a diverticulum of the aorta into which 
the ductus is attached. The diverticulum represents 
the posterior remnant of the left arch, If the inter- 
rupted segment of the left arch lies between the 
origins of the left common carotid and subclavian 
arteries, the left subclavian artery arises, as the 
fourth branch of the aorta, from the aortic divertic- 
ulum. If, on the other hand, the left arch is inter- 
rupted posterior to the origin of the left subclavian 
artery, this vessel arises in common with the left 
common carotid from a left-sided innominate artery. 
In any event, there is no vascular ring about the 
trachea and the esophagus in the sense that the 
double aortic arch produces one. Nevertheless there 
may be compression of the trachea and esophagus. 
This effect is brought about in a large measure by 
the attachments of the ductus arteriosus. Since the 
descending aorta may lie somewhat to the right of 
its normal position, there may be undue tension on 
the ductus arteriosus, which in turn, pulls the bifur- 
cation of the pulmonary trunk against the anterior 
surface of the trachea. For such anomalies Gross 
has recommended division of the ductus arteriosus. 


It is pertinent now to mention those configurations 
of group I which may result from interruption of the 
right arch, the left arch remaining undisturbed. If 
the right arch disappears between the origins of 
the right common carotid and right subclavian ar- 
teries, the right subclavian artery is no longer con- 
tinuous with the anterior part of the aorta. It com- 
municates with the aorta at a point at which the 
normal left arch blends with the descending aorta. 
The proximal part of the artery is actually right 
aortic arch tissue. From its origin the right sub- 
clavian artery courses to the right behind the esoph- 
agus. This type of malformation is the most com- 
mon of those derived from the aortic arch system. 
Usually no symptoms result but in a small number 
of cases dysphagia exists, either in infancy or later 
in life when, as a result of the normal aging process, 
the artery widens sufficiently to interfere with the 
esophagus. If the right arch is divided posteriorly 
to the origin of the right subclavian artery, that 
vessel arises in common with the right common 
carotid from a right innominate artery. It is evident 
that such a transformation of the double aortic arch 
results in a normal aortic pattern. 


As far as I am aware, an anomaly which fulfills 
all the criteria of the double aortic arch of group II 
(fig. 2) has not yet been reported but on hypothetic 

ounds I expect that it will be observed, As in the 

ouble arch of group I, the ascending aorta bifur- 
cates in front of the trachea. The left and right 
arches pass over the respective major bronchi. Since 
the upper part of the descending aorta lies on the 
right, the left arch crosses to the right behind the 
esophagus to join with the right arch as the latter 
blends with the descending aorta. As in group I the 
subclavian and common carotid arteries arise inde- 
pendently from the respective arches. The ductus 
runs between the right L poreqray artery and the 
right arch and is inserted into the latter just distal 
to the origin of the right subclavian artery. 


While the double aortic arch of pow IT has not 
been observed, derivatives of it have been seen. 
If part of the right arch disappears, the double arch 


is lost. There is but one continuous arch, the left. 
After crossing the left major bronchus this arch 
deviates to the right to pass behind the esophagus 
and to join the descending aorta on the right side. 
At the junction of the left arch with the descending 
aorta there is a diverticulum which represents a 
remnant of the posterior extremity of the right arch. 
Into this structure the ductus arteriosus is inserted. 
If the right arch has been interrupted between the 
origins of the right subclavian and right carotid 
arteries, the right subclavian artery arises from the 
aortic diverticulum. If, on the other hand, the right 
arch disappears posterior to the origin of the sub- 
clavian artery, that vessel arises in common with the 
right common carotid artery from a right-sided 
innominate artery. Other anomalies of the aortic 
arch of group II are those in which the right arch 
remains intact but the left arch is interrupted. If 
the left arch is interrupted between the origins of 
the left common carotid and left subclavian arteries, 
the left subclavian artery loses its connection with 
the anterior part of the aorta and arises as the fourth 
branch of the aorta. It then crosses behind the esoph- 
agus from right to left. If the left arch should be 
interrupted behind the origin of the left subclavian 
artery, that artery arises from an innominate artery 
on the left side in common with the left common 
carotid artery. The resulting configuration is the 
mirror image of the normal. This configuration is 
typical of the right aortic arch seen in association 
with the tetralogy of Fallot. Since this aortic arch 
does not come into undue contact with the trachea 
or the esophagus, it does not, as a rule, interfere with 
their function. 


Mention should be made of the frequently em- 
ployed term “right aortic arch.” It is evident from 
the foregoing discussion that the term without quali- 
fication may be misleading. A right aortic arch of 
group I, for which the descending aorta is on the left, 
must cross the midline to reach the descending aorta. 
In group II the right aortic arch, per se, is not of 
particular significance since the upper part of the 
descending aorta lies on the right also and the arch 
does not have to cross the midline to reach the de- 
scending aorta. Similarly, a left aortic arch in 
group I in itself is of no particular consequence, 
while in group II the left arch must pass behind the 
esophagus to join the descending aorta which is on 
the right side. In this way it may compress the 
esophagus directly or, through the medium of the 
ductus, may pull the bifurcation of the pulmonary 
trunk against the anterior surface of the trachea. 


_ Surgical measures for relief of symptoms result- 
ing from anomalies of the aortic arch follow certain 
principles. Given a double aortic arch, the smaller 
of the two arches and the ductus arteriosus are 
divided. When only one arch exists and it crosses the 
midline to join the descending aorta, division of the 
ductus arteriosus may cause the pulmonary trunk 
to sag away from the front of the trachea and thus 
give relief. When a subclavian artery passes close 
to the esophagus and causes symptoms, division of 
the artery is the procedure of choice. Usually the 
structure that is to be divided either is the ductus 
arteriosus or lies on the same side as the ductus 
arteriosus. Since the upper part of the descending 
aorta usually lies on the same side as the ductus 
roentgenographic visualization of the upper part of 
the descending aorta will often permit the correct 
interpretation as to the side on which the ductus 
arteriosus lies and, by the same token, will direct 
the surgeon to that side of the thorax through which 
the operation should be done. 


Jesse E, Edwards, M.D. 
Rochester, Minn. 
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